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&ULWLFDO&RPSRQHQWV
$PRQJ FRPSRQHQWV WKDW DUH GHHPHG FULWLFDO IRU DVVHVVPHQW SULPDU\ DQG VHFRQGDU\ VXSHUKHDWHUV DQGZHOGHG
DUHDVDUHRISDUWLFXODUFRQFHUQ
$OVRRIFRQFHUQLVWKHGHDHUDWRUDOWKRXJKQRWDWHOHYDWHGWHPSHUDWXUHWKHHQHUJ\VWRUHGLQWKLVFDQEHODUJHDQG
DQH[SORVLRQLVDVWURQJSRVVLELOLW\LIWKHGHDHUDWRUVKHOOLVXQGXO\UHGXFHGLQWKLFNQHVVE\FRUURVLRQ
6XSHUKHDWHUV
/RQJH[SRVXUH WR HOHYDWHG WHPSHUDWXUH FDQ OHDG WREUHDNGRZQRI WKHSHDUOLWH DQGEDLQLWHSUHVHQW LQ ORZDOOR\
VWHHOVWRIRUPJUDSKLWHDQGIHUULWHDQGWKHJUDSKLWLFPDWHULDOKDVJUHDWO\UHGXFHGVWUHQJWK$OWKRXJKWKHGHYHORSPHQW
RIPRUHVWDEOHVWHHOV WKDWDUHQRWVXEMHFW WRJUDSKLWL]DWLRQKDVODUJHO\HOLPLQDWHGWKHSUREOHPWKHUHDUHVWLOOPDQ\
IDFLOLWLHVZLWKROGHUVWHHOVWKDWDUHVXEMHFWWRWKHSKHQRPHQRQ
7KHDXWKRUVKDYHUHSRUWHGRQDSRZHUSODQW3RZHU6WDWLRQ$LQZKLFKD³ZLQGRZ´ZDVIRUPHGZKHQJUDSKLWH
QRGXOHVZHUHIRUPHGLQDOLQHDUPDQQHUDIWHUVRPHKRIVHUYLFH>@DQG)LJLOOXVWUDWHVWKHIDLOHGDUHD


)LJ³:LQGRZ´IRUPHGLQVXSHUKHDWHUWXEHEHFDXVHRIDOLJQHGJUDSKLWHQRGXOHV>@
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)LJ7KHUXSWXUHDWWKHZHOGHGMRLQWLQWKHVXSHUKHDWHU
5HFHQWO\DIDLOXUHRFFXUUHGLQDQRWKHUSRZHUSODQWXQUHODWHGWRWKHHDUOLHUFDVH3RZHU6WDWLRQ%LQZKLFKIRXU
LGHQWLFDOQDWXUDOFLUFXODWLRQVWHDPJHQHUDWRUVRSHUDWLQJDWR&DQGQRPLQDOSUHVVXUHRINJFPDQGRIFDSDFLW\
RI0:HDFKVXIIHUHGDUXSWXUHDIWHURSHUDWLQJIRUKZLWKKRWVKXWGRZQVDQGFROGVKXWGRZQV
)LJXUHLVDVFKHPDWLFGLDJUDPRIWKHUXSWXUHDUHDLQ3RZHU6WDWLRQ%
7KHUXSWXUHKDGWDNHQSODFHDWDSRVLWLRQZKHUHWKHUHZDVDUHGXFWLRQLQGLDPHWHURIWKHSLSHDWWKHZHOGWRWKH
H[WHQVLRQRIWKHRXWOHWFROOHFWRURIWKHVXSHUKHDWHU,WLVVKRZQLQ)LJ
0HWDOORJUDSKLFH[DPLQDWLRQRIWKHIDLOHGUHJLRQVKRZHGWKHSUHVHQFHRIJUDSKLWHDVLQ)LJ
,QFDUERQVWHHOVWKHFRQVWLWXHQWVSUHVHQWDUHFRPPRQO\IHUULWHDQGSHDUOLWHEXWZKHQVXEMHFWHGWRORQJH[SRVXUH
WRKLJKWHPSHUDWXUHLQWKHDSSUR[LPDWHUDQJHWR&WKHSHDUOLWHFDQEUHDNGRZQWRLWVFRQVWLWXHQWVIHUULWH
DQGFHPHQWLWH)H&+RZHYHU WKHFHPHQWLWHFDQEUHDNGRZQIXUWKHUXSRQH[WHQGHGH[SRVXUHWRWHPSHUDWXUHDQG
WKHVWDEOHSKDVHVRIIHUULWHDQGJUDSKLWHPD\UHVXOW6XFKDEUHDNGRZQUHVXOWVLQDZHDNPDWHULDOZLWKORZGXFWLOLW\
GXHWRSODQDUDUUDQJHPHQWVRIWKHJUDSKLWHQRGXOHV
7KHWHPSHUDWXUHUDQJHDWZKLFKJUDSKLWL]DWLRQRFFXUVFRUUHVSRQGVWRWKHWHPSHUDWXUHUDQJHXVHGLQPDQ\VWHDP
JHQHUDWRUV DQG SHWURFKHPLFDO SURFHVVLQJ HTXLSPHQW:KHQ VXFK IRUPDWLRQ WDNHV SODFH WKH QRGXOHVPD\ KDYH D
UDQGRPGLVWULEXWLRQRUIRUPDSODQDUDUUD\ZLWKLQWKHPLFURVWUXFWXUH3ODQDUDUUD\VDUHPRUHFRPPRQO\IRXQGLQWKH
KHDWDIIHFWHG]RQH+$=DWDZHOGLQZKLFKFDVHWKHUHJLRQFDQEHVHYHUHO\HPEULWWOHGZKHUHDVGLVSHUVHGQRGXOHV
PD\FDXVHDPLOGORVVRIVWUHQJWK
 
 )LJD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)LJ&RDUVHVWUXFWXUHFRQWDLQLQJVRPH:LGPDQVWDWWHQIHDWXUHV
([WHQVLYHVWXGLHVFRQGXFWHGGHWHUPLQHGWKDWFDUERQDQGFDUERQ0RVWHHOVFRXOGEHFRPHJUDSKLWL]HGZKHQKHOG
DWWHPSHUDWXUHVDERYH&>@7RDYRLGWKHSUREOHPZKLFKZDVH[SHULHQFHGLQPDQ\SODQWVLQWKHVDQG
VDOOR\VWHHOVFRQWDLQLQJKLJKHUOHYHOVRI&UDQG0QEHFDPHWKHQRUPDVWKHFDUELGHVLQWKHVHVWHHOVZHUHPRUH
VWDEOHDQGUHVLVWDQWWREUHDNGRZQWRIRUPJUDSKLWH7KHHDVHZLWKZKLFKJUDSKLWHLVIRUPHGDQGLWVH[WHQWZHUHIRXQG
WRYDU\JUHDWO\IURPRQHJUDGHRIVWHHO WRDQRWKHUDQGWRGHSHQGRQWKHVWHHOPDNLQJSUDFWLFHSDUWLFXODUO\ WKHGH
R[LGDWLRQSUDFWLFH>@7KHWHQGHQF\WRVXIIHUIURPJUDSKLWL]DWLRQZDVUHSRUWHGWREHJUHDWHUZKHQWKH$OFRQWHQW
ZDVı>@0RFRQWDLQLQJ VWHHOV WKDW KDG EHHQ GHR[LGL]HG ZLWK 6L ZHUH JHQHUDOO\ UHSRUWHG DV QRW EHLQJ
VXVFHSWLEOHWRJUDSKLWL]DWLRQ>@
7KHPLFURVWUXFWXUHRIWKHVWHHODGMDFHQWWRWKHIUDFWXUHLVVKRZQLQ)LJVDDQGEEHLQJSULPDULO\RIIHUULWH
ZLWKJUDSKLWHQRGXOHV
7KH RULJLQDO PLFURVWUXFWXUH RI WKH FROOHFWRU LV QRW NQRZQ KRZHYHU LW FRQWDLQHG LW KDG D FRDUVH SDUWLDOO\
:LGPDQVWDWWHQVWUXFWXUHEDVHGRQREVHUYDWLRQVDIWHUH[WHQGHGVHUYLFHDVLOOXVWUDWHGLQ)LJ
7KHSUREOHPRIJUDSKLWHQRGXOHVEHLQJDOLJQHGOHDGLQJWRVHSDUDWLRQDORQJDSODQHKDVEHHQUHSRUWHGSUHYLRXVO\
E\WKHDXWKRUVDVVKRZQLQ)LJ
&OHDUO\ LQ WKH SUHVHQW FDVH WKHUH KDG EHHQ LQDGHTXDWH PRQLWRULQJ RI WKH FRQGLWLRQ RI WKH KHDGHU PDWHULDO
SDUWLFXODUO\ RI LWV PLFURVWUXFWXUDO FRQGLWLRQ DV ZRXOG EH GRQH ZLWK D ZHOOFRQGXFWHG DVVHVVPHQW SURJUDPPH
LQYROYLQJSHULRGLFLQWHJULW\HYDOXDWLRQDWSUHVFULEHGLQWHUYDOV
7KHJHQHUDOSUREOHPRIJUDSKLWL]DWLRQLVZHOONQRZQDVLOOXVWUDWHGLQWKHUHIHUHQFHVFLWHGDQGKDVUHFHQWO\EHHQ
UHYLHZHGLQDSDSHUE\VRPHRIWKHSUHVHQWDXWKRUV>@
'HDHUDWRU3UREOHPV
%HIRUHWKHVWKHUHZDVOLWWOHFRQFHUQDERXWWKHSRVVLELOLW\RIH[SORVLRQVRFFXUULQJLQGHDHUDWRUXQLWV7KHILUVW
UHFRUGHGLQVWDQFHRIWKLVKDSSHQLQJZDVLQLQ*HUPDQ\>@EXWWKLVJHQHUDWHGOLWWOHDWWHQWLRQ6XEVHTXHQWO\
KRZHYHUWKUHHPRUHFDWDVWURSKLFIDLOXUHVWRRNSODFHLQ&DQDGDDQGWKH86$>@OHDGLQJWRWKHSUHSDUDWLRQRI
UHFRPPHQGDWLRQVIRUSURFHGXUHVJRYHUQLQJWKHLQVSHFWLRQDQGUHSDLURIGHDHUDWRUVLQFOXGLQJ6WDQGDUG53
SUHSDUHGE\D1$&(7DVN*URXSDQGHQWLWOHG³5HFRPPHQGHG3UDFWLFHIRU3UHYHQWLRQ'HWHFWLRQDQG&RUUHFWLRQRI
'HDHUDWRU&UDFNLQJ´>@
7KXVWKHUHLVDZHOOHVWDEOLVKHGKLVWRU\UHODWLQJWRH[SORVLRQVLQGHDHUDWRUXQLWVDOWKRXJKWKHGDQJHULQKHUHQWLQ
VXFKXQLWVLVDSSDUHQWO\QRWZHOOUHFRJQL]HGE\DOORZQHUVDQGRSHUDWRUVRIERLOHUVDQGWKHUPDOSRZHUSODQWV
,QWKHSUHVHQWFDVHWKHGHDHUDWRUKDGEHHQVXEMHFWWRFRQVLGHUDEOHUHSDLUDQGLWZDVFRQVLGHUHGQHFHVVDU\WRUHYLHZ
LWVVDIHW\EHIRUHLWZDVXVHGRQFHPRUH
7KH DXWKRUV KDYH GHDOW ZLWK WKH FDVH RI D GHDHUDWRU LQ D SRZHU VWDWLRQ LQ ZKLFK VLJQLILFDQW DQRPDOLHV ZHUH
GHWHFWHG LQ WKH WRS RI WKH GUXPRI WKHZDWHU UHVHUYRLU'XULQJ WKH LQVSHFWLRQ RI WKH LQWHUQDOV RI WKH GUXPRI WKH
GHDHUDWRU D WHFKQLFLDQ JURXQG DZD\ VRPH ³VXUSOXV´ ZHOG PHWDO DGMDFHQW WR WKH FRQQHFWLRQV RI WZR WXEHV DQG
GLVFRYHUHGVRPHDQRPDORXVSRURVLW\6XEVHTXHQWLQVSHFWLRQGLVFORVHGWKHSUHVHQFHRIVLPLODUZHOGGHSRVLWVDGMDFHQW
WRRWKHUFRQQHFWLRQVDVLOOXVWUDWHGLQ)LJVWR
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)LJ:HOGPHWDOQH[WWRWXEHWR
GUXPFRQQHFWLRQ
)LJ([FDYDWLRQRISRURXVDUHDVQH[WWRWXEH
FRQQHFWLRQV
)LJ([FDYDWHGDUHDVDQGWKLFNQHVVYDOXHVRQ
LQVLGHRIGUXP


)LJ([FDYDWHGDUHDVDGMDFHQWWRWKHWXEHFRQQHFWLRQVDWGUXPLQWHULRU3RVLWLRQ
VHYHUHSRURVLW\3RVLWLRQVDQGOLQHDULQGLFDWLRQVLQWKHIRUPRIFUDFNV
7KHWZRDUHDVWKDWKDGLQLWLDOO\EHHQJURXQGDQGDWZKLFKSRURVLW\KDGEHHQREVHUYHGZHUHJURXQGRXWIXUWKHUWR
GHWHUPLQH WKHUHDVRQVIRU WKHZHOGLQJKDYLQJEHHQGRQHDQG WRGHWHUPLQH WKHFDXVHRI WKHREVHUYHGSRURVLW\DQG
DGGLWLRQDOXQGHUO\LQJGHIHFWVZHUHXQFRYHUHGDV LQGLFDWHG LQ)LJVDQG WKHVHEHLQJRI WKHRUGHURIPPLQ
OHQJWK
7KH FDYLWLHVSURGXFHG LQ JULQGLQJZHUH SROLVKHG DQG HWFKHG IRUPHWDOORJUDSKLF H[DPLQDWLRQ DQG UHSOLFDVZHUH
SUHSDUHGIURPWKHVXUIDFHV)LJVKRZVWKHVXUIDFHVIURPZKLFKWKHUHSOLFDVZHUHWDNHQ7KHVHUHSOLFDVLOOXVWUDWHG
WKHSUREOHPVDQGGHIHFWVWKDWKDGEHHQSURGXFHGGXULQJH[FDYDWLRQDQGUHZHOGLQJ
7KHPLFURVWUXFWXUHVLQGLFDWHFOHDUO\WKDWZHOGLQJKDGEHHQGRQHWREXLOGXSWKHZDOODWWKHVLGHRIWKHWXEHVDOO
WKRVHH[DPLQHGEHLQJDW WKHVDPHXSSHUVLGHRI WKHFRQQHFWLRQ7KHREYLRXVFRQFOXVLRQLV WKDW WKHKROHVIRU WKH
DWWDFKPHQWRIWKHFRQQHFWLQJWXEHVKDGEHHQPDFKLQHGLQWKHGUXPRXWRIFRUUHFWSRVLWLRQDQGWRUHPHG\WKLVWKH
KROHVKDGEHHQILOOHGE\ZHOGLQJDQGQHZKROHVGULOOHGDGMDFHQWWRWKHRULJLQDORQHVDQGRYHUODSSLQJWKHVHWRDODUJH
H[WHQW7KHSDUWRIWKHZHOGGHSRVLWUHPDLQLQJZDVWKHUHJLRQLQZKLFKWKHFUDFNLQJDQGSRURVLW\ZDVDSSDUHQWDQG
GLVFORVHGE\WKHPHWDOORJUDSKLFH[DPLQDWLRQ
7KHIXOOH[WHQWRIWKHGDPDJHGPDWHULDOWKHIXOOH[WHQWRIFUDFNLQJDQGWKHVLWXDWLRQDWRWKHUFRQQHFWLRQVZHUH
QRWDEOHWREHGHWHUPLQHGDVWKHRZQHUVRIWKHSRZHUSODQWUHTXLUHGWKDWWKHXQLWEHSXWEDFNLQWRRSHUDWLRQDVVRRQ
DVSRVVLEOH
7KHFUDFNVWKDWZHUHIRXQGZHUHZLWKLQWKHZHOGUHSDLUHGDUHDVDQGDVVKRZQLQ)LJ7KH\ZHUHHVWLPDWHG
WREHDSSUR[LPDWHO\PPLQ OHQJWKDQGWKHGHSWKZDVHVWLPDWHGDVDSSUR[LPDWHO\PPEDVHGRQXOWUDVRQLF
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PHDVXUHPHQWV PDGH IURP WKH RXWVLGH VXUIDFH DOWKRXJK LW LV UHDOL]HG WKDW WKH ILOOHU GDPDJHG PDWHULDO LV PRVW
SUREDEO\ULJKWWKURXJKWKHVHFWLRQRIWKHSODWH
$VFDQEHVHHQIURPUHSOLFDVRI WKHPLFURVWUXFWXUHFUDFNLQJ LVSUHVHQW LQPDWHULDOZKLFK LV OLNHO\ WRKDYH ORZ
IUDFWXUHWRXJKQHVVPXFKORZHUWKDQWKDWWREHH[SHFWHGLQWKHSODWHPDWHULDODZD\IURPWKHZHOGLQJ
$QDO\VLVRIWKH5LVNRI)UDFWXUH
$OWKRXJKWKHFRQWLQXHGSUHVHQFHRIFUDFNVVKRXOGQRWKDYHEHHQDOORZHGLQDGHDHUDWRULQWKHILUVWLQVWDQFHWKH
IDFWWKDWWKH\ZHUHSUHVHQWRYHUDQH[WHQGHGSHULRGRIRSHUDWLRQVXJJHVWHGWKDWDQHYDOXDWLRQVKRXOGEHPDGHRIWKH
FULWLFDOVL]HRIDFUDFNIRUIDLOXUH,WZDVFRQVLGHUHGRILQWHUHVWWRGHWHUPLQHWKHQDWXUHRIWKHULVNRIVXGGHQIDLOXUH
EHFDXVH RI WKH SUHVHQFH RI WKH W\SHV RI GHIHFWV REVHUYHG DQG EHFDXVH RI WKH IDLOXUHV WKDW KDYH RFFXUUHG LQ RWKHU
GHDHUDWRUYHVVHOV
7KH UHOHYDQWSDUDPHWHUV IRU WKH DVVHVVPHQWRI WKH VDIHW\RI WKH WDQN DQG LWV FRQGLWLRQZLWK UHVSHFW WRSRVVLEOH
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7KHDSSURDFKWDNHQZDV WRHVWDEOLVK WKHFRRUGLQDWHVRQ WKHIDLOXUHDVVHVVPHQWGLDJUDPUHSUHVHQWLQJDQ LQWHUQDO
VXUIDFHFUDFNRIPPOHQJWKDQGRIGHSWKPPDQGDOVRFRQVLGHULQJLWDVEHLQJDWKURXJKFUDFNEHFDXVHRIWKH
XQFHUWDLQW\RIWKHDFWXDOGHSWKRIWKHFUDFNV7KHQDQDVVHVVPHQWLVPDGHWRGHWHUPLQHWKHOHQJWKRIFUDFNWKDWZRXOG
OHDGWRFDWDVWURSKLFIDLOXUH7KLVLVGRQHIRUERWKFLUFXPIHUHQWLDODQGORQJLWXGLQDOO\RULHQWHGFUDFNV7KHSURFHGXUHV
IROORZHGDUHWKRVHRXWOLQHGLQWKH$3,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$IDLOXUHORFXVLVGHILQHGVXFKWKDWDQ\DVVHVVPHQWSRLQWIDOOLQJRXWVLGHLWUHSUHVHQWVDQXQDFFHSWDEOHIODZZKLFK
PD\FDXVHIDLOXUHZKLOHDVVHVVPHQWSRLQWVIDOOLQJLQVLGHWKHIDLOXUHORFXVPHDQVWKDWWKHIODZLVVWDEOHDQGGRHVQRW
UHSUHVHQWDVLJQLILFDQWULVNRIIDLOXUH
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ZKHUH LV WKH LQWHUQDO SUHVVXUH LV WKH LQWHUQDO UDGLXV RI WKH GHDHUDWRU WDQN DQG LV WKH ZDOO WKLFNQHVV )RU WKH
FLUFXPIHUHQWLDOO\RULHQWHGIODZWKHPHPEUDQHVWUHVVLVJLYHQE\WKHORQJLWXGLQDOVWUHVV
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7KH FXWRII YDOXH ZDV FDOFXODWHG XVLQJ WKH PHDQ YDOXH RI WKH XOWLPDWH WHQVLOH VWUHQJWK IROORZLQJ WKH
UHFRPPHQGDWLRQVRI%6DQGKDVDYDOXHRI/PD[ 7KHFDOFXODWLRQRI.OZDVPDGHDFFRUGLQJ WR WKH
PHWKRGGHVFULEHGLQ%6XVLQJVWUHVVLQWHQVLW\IDFWRUVWDNHQIURP$QQH[0RIWKHVWDQGDUG$YDOXHRI.0DW 
03DZDVDGRSWHGW\SLFDOIRUWKHVWHHOFRQVLGHUHG
7KHSRVVLELOLW\RIDWKURXJKZDOOFUDFNZDVDOVRDQDO\]HG2QO\ZKHQWKHOHQJWKUHDFKHVPPGRHVWKHIODZ
EHFRPHXQDFFHSWDEOHDVVKRZQRQ)LJ
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)LJ)$'GLDJUDPIRUWKHGHDHUDWRU
&RQFOXVLRQV
7KHSDSHUKDVGLVFXVVHGVRPHSUREOHPVWKDWFDQDULVHLQDJHLQJSRZHUSODQWVDWWKHERLOHUDQGWKHFRQGHQVHUHQGV
RIWKHFLUFXLWV
:KDWLVHVVHQWLDOZLWKROGHUDQGDJDLQSRZHUSODQWVLVFRQWLQXHGPDLQWHQDQFHDQGLQVSHFWLRQDQGDQDZDUHQHVV
RIWKHSRVLWLRQVRIJUHDWHVWULVN:LWKFDUHIXOPDLQWHQDQFHSRZHUSODQWVFDQKDYHH[WHQGHGOLIHZLWKRXWXQGXHULVN
5HIHUHQFHV
>@ )XUWDGR+&/H0D\,0DWOV&KDUSS
>@ $60(%RLOHUDQG3UHVVXUH&RGH6HFWLRQ
1477 H.C. Furtado et al. /  Procedia Engineering  130 ( 2015 )  1470 – 1477 
>@ ',16HDPOHVV6WHHO7XEHVIRU(OHYDWHG7HPSHUDWXUHVWHFKQLFDOGHOLYHU\FRQGLWLRQV
>@ +DOO$05HFRPPHQGHG3UDFWLFHIRU3UHYHQWLRQ'HWHFWLRQDQG&RUUHFWLRQRI'HDHUDWRU&UDFNLQJ3URFWK:RUOG3HWUROHXP&RQJUHVV
5RPHSS
>@ %DEX66&XUUHQW2SLQLRQLQ6ROLG6WDWHDQG0DWHULDOV6FLHQFHSS
>@ (VPDLQLDQ0,UDQLDQ-RXUQDORI0DWHULDOV6FLHQFHQR	(QJLQHHULQJQR
>@ :LOVRQ-*WK0LG<HDU0HHWLQJRI$3,6W/RXLV
>@ )LRUHQWLQR5-+DOO$0-DFNVRQ-+$QQXDO0HHWLQJRI$60(
>@ )XUWDGR+&8ULEH3HUH],GD6LOYHLUD7//H0D\,$60(LQSUHVV
>@ $GDPVN\)-7HLFKPDQ+9*%.UDIWZHUNVWHFQLNS
>@ )UDQFR5-%XFKKHLP*00DWOV3HUIRUPDQFHSS
>@ 1DWLRQDO%RDUG%XOOHWLQ
>@ 7$33,-RXUQDOSS
>@ 1$&(6WDQGDUG531$&(
>@ )LWQHVVIRU6HUYLFH$3,$3,$60(
>@ %6*XLGHWR0HWKRGVIRU$VVHVVLQJWKH$FFHSWDELOLW\RI)ODZVLQ0HWDOOLF6WUXFWXUHV%ULWLVK6WDQGDUGV,QVWLWXWLRQ
